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AUTOMATIC DIGITAL FREQUENCY
CONTROL CIRCUIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an automatic digital
frequency control circuit adapted for use in a digital video
signal processing apparatus and, more specifically, to an
automatic digital frequency control circuit capable of gen-
erating a frequency signal which is synchromzed to a
horizontal sync signal without oscillating a separate com-
parison frequency by using a phase locked loop circuit.

The instant application is based on Korean Patent Appli-
cation No. 94-4803, which is incorporated herein by refer-
ence for all purposes.

2. Description of the Related Art

A video cassette recorder generally converts a carrier
chrominance signal to a low-band frequency and records the
converted signal on tape. A low-band carrier frequency in
which the phase is synchronized to a horizontal sync signal

is required to convert the carrier chrominance signal to the
low-band frequency. The low-band carrier ifrequency 1is

approximately 40f,, (=629KHz) for VHS (Video Home
System) recording, and 47.25{,, (=743KHz) for 8§ mm
recording, respectively, as compared with a horizontal sync
signal frequency f,,. Thus, an automatic frequency control
circuit needs to precisely generate a low-band carrier fre-
quency of 40 cycles (VHS standard) or 47.25 cycles (8 mm
system) every scanning line.

As shown in FIG. 1, a circuit for generating a low-band
carrier frequency, which is synchronized to a horizontal sync
signal, in an analog video signal processing circuit includes
a phase locked loop circuit. In FIG. 1, a horizontal sync
separator 10 separates a horizontal sync signal HD from an
input luminance signal and supplies the separated horizontal
sync signal HD to a phase comparator 20. Phase comparator
20 generates a control direct-current (DC) voltage and
supplies the control DC voltage to a voltage controlled
oscillator (VCQO) 30, which generates a signal F,; and sup-
plies signal F, to a first frequency divider 40. First frequency
divider 40 frequency-divides signal F, by a factor ot four
(4), to generate a signal F, and a low-band carrier frequency
signal. A second frequency divider 30 receives signal F, and
frequency-divides received signal F, by 40, to generate a
signal F,. Phase comparator 20 generates the control DC
voltage based on a phase comparison result between hori-
zontal sync signal HD and signal Fs.

The operation of the apparatus depicted in FIG. 1 will
now be described below for the exemplary case wherein the
circuit is employed 1n a VHS apparatus.

When a luminance signal of a color video signal is input
to horizontal sync separator 10, a horizontal sync signal HD
is separated from the luminance signal and output to phase
comparator 20. Phase comparator 20 compares the phase of
signal F,, applied from second frequency divider 50, with
that of horizontal sync signal HD and generates the control
DC voltage corresponding to the phase difference between
the respective signals. The control DC voltage is supplied to
VCO 30 and is used for controlling the oscillating frequency.
During initial operation, VCO 30 generates signal F; having
a frequency of 160f,,; first frequency divider 40 generates
signal F.,, having a frequency of 40f,,; and second frequency
divider 50 generates signal F; having a frequency of {,,. It
will be noted that, if control DC voltage signal is generated
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according to the phase difference of signal F; and horizontal
sync signal HD, the frequency of signal F, generated by
VCO 30 is varied. Accordingly, the frequencies of signals F,
and F, are also varied. If VCO 30 generates signal F; in
which the frequency is varied according to the magnitude of
control DC voltage, first frequency divider 40 receives
signal F, and generates signal F, which 1s synchronized to
horizontal sync signal HD. Then, second frequency divider
50 receives signal F, and generates signal F; which 1is
synchronized to horizontal sync signal HD. Signal F, gen-
erated in first frequency divider 40 is supplied to a carrier
converter (not shown) and 1s used as a low-band carner
signal in which the phase is synchronized to horizontal sync
signal HD.

In the analog circuit as described above, VCO 30 1is used
to generate a high frequency signal and the oscillated signal
is down-converted to a lower frequency signal in order to
obtain a desired frequency signal. However, the above-
described operating method cannot be adapted to a digital
circuit, since the VCO 30 cannot be used. Additionally, 1t is
difficult to generate a high frequency signal using a digital
circuit. Since the signal processing method for many video
cassette recorders have been recently changed from analog
to digital processing, if a low-band carrier frequency gen-
erating algorithm which is used in an existing analog system,
is adapted to a digital circuit for recording a chrominance
signal as it is, a volume of the circuitry becomes prohibi-
tively large.

SUMMARY OF THE INVENTION

Therefore, the principal object of the present invention 18
to solve the above problems of the prior art. |

An object of the present invention is to provide an
automatic frequency control circuit capable of digitally

performing signal processing for automatic frequency con-
trol.

These and other objects, feature and advantages of the
present invention are provided by an automatic digital
frequency control circuit for generating a carrier signal
which is synchronized to a digital horizontal sync signal.
The automatic digital frequency control circuit advanta-
geously inciudes:

a phase difference calculator for calculating and output-
ting a phase difference signal between two adjacent
scanning lines in response to an error value of a digital
horizontal sync signal with respect to a present scan-
ning line and a phase value of a previous scanning line;

a phase difference accumulator for receiving the phase
difference signal supplied from the phase difference
calculator and accumulating the respective received
phase difference signals to thereby generate a phase
difference accumulated value which has been already
stored therein and outputting a respective newly
obtained phase difference accumulated value resulting
from the accumulation operation;

an oscillation step corrector generating fundamental oscil-
lation step data, correcting the fundamental oscillation
step data using correction step data generated according
to the phase difference accumulated value supphed
from the phase difference accumulator, and generating
corrected oscillation step data;

a phase value generator receiving the corrected oscillation
step data, increasing a phase value which has been
already stored therein in units representing the cor-
rected oscillation data, generating a phase value for
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carrier signal generation with respect to the present
scanning line, and supplying the plurality of the gen-
erated phase values to the phase diiference calculator;
and

a carrier signal generator for generating the respective
carrier signal having a frequency corresponding to each
respective one of the phase values generated by the
phase value generator.

BRIEF DESCRIPTION OF THE DRAWINGS

The preferred embodiments are described with reference
to the drawings wherein:

FIG. 1 1s a block diagram of a conventional automatic
frequency control circuit using a phase locked loop circuit;

FIG. 2 1s a block diagram of an automatic digital fre-
quency control circuit according to the present invention;
and

FIGS. 3A through 3E are signal waveform diagrams
which find use in explaining detection of a digital horizontal
sync signal and generation of an error thereof.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

A preferred embodiment of the present invention will be
described below in more detail with reference to the accom-
panying drawings FIGS. 2 and 3A through 3E.

As previously discussed, the low-band carrier frequency
necessary for converting a carrier chrominance signal 1nto a
low-band signal should be phase-synchronized to the hori-
zontal sync signal. That is, in case of an 8 mm system which
uses a low-band carrier frequency of 47.251,, the 47.25
low-band carrier frequency signals should be exactly gen-
erated with respect to every scanning line, while in case of
the VHS system which uses a low-band camier frequency of
40f,,, the 40 low-band carrier frequency signals should be
exactly generated with respect to every scanning line.

If the difference between phase values of the low-band
carrier signals which are detected in the same locations of
both one line and the next adjacent line 1s obtained, it 1s
possible to detect a phase error value. If oscillation of the
low-band carrier signal 1s controlled using the detected
phase error value, a low-band carrier signal having a fre-
quency close to an 1ideal value advantageously can be
generated.

On the other hand, sampling is necessarily required to
convert an analog signal 1nto a digital signal, i.e., a discrete
signal. During a sampling process using a sampling clock of
a predetermined frequency, a value between the samples
comes to be ignored. While this does not matter in general
video data, it becomes very significant in sampling a sync
signal, which i1s a processing reference signal for the video
data, particularly since an automatic frequency control cir-
cuit for generating a carrier is sensitive to an error of one
clock of a horizontal sync signal. Thus, an error value
between a point of time at which an actual analog horizontal
sync signal 1s generated and that at which a digital horizontal
sync signal 1s obtained by sampling the analog horizontal
sync signal becomes crucial information. When the auto-
matic frequency control circuit ignores such an error value
and adopts only a digital horizontal sync signal as a refer-
ence signal for a data processing, an error which occurs due
to such a reason 1s present. Accordingly, the circuit does not
operate exactly and the performance 1s thereby reduced.

10

15

20

25

30

35

40

45

30

55

60

65

4

An apparatus considering such an error value of a digital
horizontal sync signal is shown in FIG. 2, in which a block
diagram of an automatic digital frequency control circuit
according to one preferred embodiment of the present inven-
tion 1s shown. In FIG. 2, a phase difference calculator 100
receives an error value H_,. of a digital horizontal sync
signal and a phase value supplied from a phase value
generator 400, and then generates a phase difference value
between the two lines. A phase difference accumulator 2(8)
adds a phase difference accumulated value for a previous
line to a current phase difference value and then generates a
new phase difference accumulated value. An oscillation step
corrector 300 generates correction step data corresponding
to a new phase difference accumulated value, and adds the
generated new phase difference accumulated value to fun-
damental oscillation step data, in such a manner that cor-
rected oscillation step data 1s generated. A phase value

generator 400 receives the corrected oscillation step data and
generates a new phase value using a stored phase value
whenever a system clock 1s generated. A carrier generator
500 includes a look-up table and outputs a function value of
a sine waveform or a cosine waveform according to a phase
value applied from phase value generator 400, in such a way
that carriers having various frequencies are advantageously
generated. |

Prior to describing the operation of the FIG. 2 apparatus,
a digital horizontal sync signal error value H_,, applied to
phase difference calculator 100 will be described below with

reference to FIGS. 3A through 3E.

FIG. 3A shows a luminance signal Y, while FIG. 3B
shows an enlarged horizontal sync signal H-SYNC included
in luminance signal Y. If a sampling clock shown in FIG. 3C
exactly coincides with a separation reference signal SL of
the horizontal sync signal, an ideal analog horizontal sync
signal Hqy a1, Shown in FIG. 3E, can be obtained. However,
since the sampling clock is difficuit to control so that it
coincides with the separation reference value SL, a digital
horizontal sync signal Hgy oo Of FIG. 3D, which 1s actually
obtained by approximately sampling has an error value H, .
of 0.5 clocks with respect to the analog horizontal sync
signal shown in FIG. 3E. Assuming that an inclined portion
of a horizontal sync signal H-SYNC 1s linear, such a digital
horizontal sync signal error value H,,, can be obtained by
using separation reference value SL of the horizontal sync
signal and two sample data S1 and S2, located before and
after the separation value SL. Since a difference value
S1-S2 between the samples corresponds to one period of
time T, difference SL—S2 between separation reference
value SL and sample data S2 on the horizontal sync signal
becomes proportional to the digital horizontal sync signal
error value H,,,. Thus, from an equation of T: S1-S2=H

SI—S82, the value of H,_,, becomes [(SL —52)/(S1-82)]XT.

Returning to FIG. 2, when digital horizontal sync signal
error value H_,_ of the current scanning line and the phase
value of phase value generator 400 are applied to phase
difference calculator 100, first phase corrector 101 (adds)
combines the two input data with each other, and generates
a phase value which is obtained by correcting a phase error
generated when a digital horizontal sync signal is obtained
by sampling an analog horizontal sync signal.

The output of first phase corrector 101 is supplied to a first
phase storage umit 102. First phase storage unit 102 and a
second phase storage unit 103 senally connected thereto
latch the input data, respectively. First phase storage unit 102
and second phase storage unit 103 latch the data input
responsive to digital horizontal sync signal H- ¢y, Which
was discussed in connection with FIG. 3D. Thus, first phase
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storage unit 102 stores a corrected phase value correspond-
ing to a digital horizontal sync signal Hgyne which 1s
currently applied thereto. Second phase storage unit 103
stores a comrected phase value corresponding to a digital
horizontal sync signal H¢,n~ at the preceding line, which 1s
applied from first phase storage unit 102. Phase storage units
102 and 103 can be advantageously formed from latches.

The corrected phase value of the preceding line which 1s
output from second phase storage unit 103 is input to a
second phase corrector 104. Second phase corrector 104
adds a delayed phase value K to the previous line corrected
phase value to remove a phase delay between the hines. In
case of the 8 mm system, an ideal low-band carrier has a
phase difference of a quarter period of time (90° ) every
horizontal sync line (1 H) . Thus, the low-band carrier
becomes in-phase every four lines. In case of the VHS
system, the low-band carrier signal has a phase difference of
zero between the lines. In case of the 8 mm system, second
phase corrector 104 adds a delayed phase value K, e.g., 2"/4
to the input previous hine corrected phase value to remove a
phase delay of 90° between the lines, and supplies a phase-
corrected phase value of the preceding line to a phase shifter
105. Here, n is the number of address bits of a look-up table,
which will be described in greater detail below. Phase shifter
105 shifts the difference between the phase value applied
from first phase storage unit 102 and the phase value output
from second phase corrector 104, so as to easily calculate the
difference therebetween. For example, phase shifter 103
shifts each of the two phase values into the middle for easier
comparison, in an exemplary case where the two phase
values are placed at either end of the respective addresses.

A first operation unit 106 receives the phase values of two
lines, as processed above, subtracts the received phase
values from another, and generates a phase difference value
with respect to two phase values. The phase difference value

is supplied to and then stored in a third phase storage unit
107.

Phase difference accumulator 200 advantageously
includes a second operator 201, which 1s connected to the
output of third phase storage unit 107, and a fourth phase
storage unit 202, for storing the output of second operator
201 and for supplying the stored data to the second operator
201. Second operator 201 adds the phase difference value
supplied from third storage unit 107 to the phase difference
accumulation value for the preceding line, which is output
from fourth phase storage unit 202, to obtain a new phase
difference accumulation value. The newly obtained phase
difference accumulation value 1s stored in fourth phase
storage unit 202. That is, fourth phase storage unit 202 stores
the input phase difference accumulation value as the new
phase difference accumulation value of the next scanmng
line.

Oscillation step corrector 300 preferably includes a cor-
rection step generator 301 for recelving the phase difference
accumulation value from fourth phase storage unit 202 and
generating correction step data, a fundamental step genera-
tor 302 for generating fundamental oscillation step data, and
a third operator 303 for adding the outputs of the two step
generators 301 and 302. When the phase difference accu-
mulation value output from fourth phase storage unit 202 1s
applied to correction step generator 301, correction step data
corresponding to the input phase difierence accumulation
value is generated in correction step generator 301 using the
following equation:

Correction step data=[2"/(f /f;)]xX[Phase Error Value]x|Tracing
Velocity]
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Here, n is the number of addresses of a look-up table, f;
is a sampling frequency, i 1s a horizontal sync signal
frequency, and the tracing velocity represents a degree of
making the phase of the carrier coincide with the horizontal
sync signal, respectively. The tracing velocity preferably has
a value between zero and one. When the tracing velocity is
zero, the automatic frequency control circuit is turned off,
while when the former is one, the latter has a maximum
tracing velocity. The correction step data output from cor-
rection step generator 301 is supplied to third operator 303.

At this time, the fundamental oscillation step data gener-
ated from fundamental step generator 302 is also applied to

third operator 303. Fundamental step generator 302 gener-

ates the fundamental oscillation step using the following
equation:

Fundamental oscillation step=(2"x{_,/f,)

Here, £, is a low-band carrier frequency, which is
743KHz for the 8 mm system, but which is 629KHz for the
VHS system.

Third operator 303 adds the correction step data to the
fundamental oscillation step data to produce corrected oscil-
lation step data, which is then advantageously supplied to
phase value generator 400.

Phase value generator 400 preferably can include a fourth
operator 401 for generating an accumulated phase value on
the basis of the corrected oscillation step data, and a fifth
phase storage unit 402 for storing the phase value output
from fourth operator 401 and outputting the stored phase
value for fourth operator 401. When a system clock (not
shown) 1s applied to fourth operator 401, the phase value
applied from fifth phase storage unit 402 is increased by the
corrected oscillation step data, and the increased phase value
is then supplied to fifth phase storage unit 402. Fifth phase
storage unit 402 latches the phase value applied from fourth
operator 401. This operation is continuously performed
whenever the system clock is applied thereto. The phase
value latched in fifth phase storage unit 402 is supplied to
first phase corrector 101 of phase difference calculator 100.
It will be appreciated that phase value generator 400 gen-
erates a new phase value whenever the system clock is
applied to thereto. First phase storage unit 102 stores data
which is applied from phase value generator 400 only when
horizontal sync signal Heyn~ 18 applied thereto. Thus, phase
storage units 102 and 103 store only one phase value with
respect to each scanning line, respectively.

On the other hand, carrier generator 500 receives the
phase value output from fifth phase storage unit 402 as
address data for an internal look-up table, and then generates
a carrier having a frequency corresponding to the input
phase value. The look-up table has an address of O through
2", Advantageously, such an address becomes a phase value
(0° through 360°) of one period of time for a sine waveform
Or a cosine waveform.

It will also be appreciated that while the antomatic digital
frequency control circuit according to the present invention
does not use a voltage controlled oscillator which is a
limiting factor when making the digital system, 1t can
generate a carrier which is synchronized to a horizontal sync
signal. Thus, the present invention advantageously can pro-
vide a simple and compact automatic digital frequency
control circuit having excellent performance.

Other modifications and variations to the invention will be
apparent to those skilled in the art from the foregoing
disclosure and teachings. Thus, while only certain embodi-
ments of the invention have been specifically described
herein, it will be apparent that numerous modifications may
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be made thereto without departing from the spirit and scope
of the invention.

What 1s claimed 1s:

1. An automatic digital frequency control circuit for
generating a carrier which is synchronized to a digital
horizontal sync signal, said automatic digital frequency
control circuit comprising:

a phase difference calculator for calculating and providing
a phase difference signal between two adjacent scan-
ning lines in response to an error value representative
of an error between digital horizontal sync signal with
respect to a present scanning line and a phase value of
a previous scanmng line;

a phase difference accumulator receiving the phase dil-
ference signal for combining the received phase differ-

ence signal with a phase difference accumulated value,
which has been already stored in said accumulator so as

to permit output of a new phase difference accumulated
value as the result of an accumulation operation;

an oscillation step corrector generating fundamental oscil-
lation step data, generating correction step data cor-
recting the fundamental oscillation according to the
phase difference accumulated value supplied from said
phase difference accumulator by using correction step
data, thereby generating the corrected oscillation step
data;

a phase value generator receiving the corrected oscillation
step data, increasing a phase value, which has been
already stored responsive to said corrected oscillation
data, generating a plurality of phase values for carrier
generation with respect to the present scanning line,
and supplying respective generated phase values to said
phase difference calculator; and

a carrier generator generating a carrier having a frequency
corresponding to each of said respective phase vaiue
generated irom said phase value generator.

2. The automatic digital frequency control circuit accord-

ing to claim 1, wherein said phase difference calculator
COIMPIiSes:

a first phase corrector for combining the phase value
supplied from said phase value generator with a digital
horizontal sync signal error value representing a phase
value obtained by correcting a phase error generated
when a digital horizontal sync signal 1s obtained by
sampling an analog horizontal sync signal;

a first phase storage unit latching a corrected phase value
output from said first phase corrector 1n response to the
digital horizontal sync signal;

a second phase storage unit recetving a respective latched
corrected phase value output from said first phase
storage unit for latching a previous corrected phase
value of a respective preceding scanning line in
response to the digital horizontal sync signal; and

a first operator receiving the latched and the previous
corrected phase values supplied from said first and
second phase storage units for generating the phase
difference value.

3. The automatic digital frequency control circuit accord-
ing to claim 2, wherein said phase difference calculator
further comprises a second phase corrector operatively con-
nected to said first operator for adding a phase delay value
between respective scanning lines to the previous corrected
phase value of said preceding scanning line supplied from
said second phase storage unit, thereby generating a preci-
sion corrected previous phase value wherein the respective
phase difference between the scanning lines is corrected.
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4. The antomatic digital frequency control circuit accord-
ing to claim 3, wherein said second phase corrector adds a
phase delay value of 90° to the previous corrected phase
value of said preceding scanning line and wherein said
second phase corrector is operative in an 8 mm system.

5. The automatic digital frequency control circuit accord-
ing to claim 3, wherein said second phase corrector adds a
phase delay value of 0° to the previous corrected phase value
of the preceding scanning line and wherein said second
phase corrector 1s operative in a VHS system.

6. The automatic digital frequency control circuit accord-
ing to claim 1, wherein said phase difference accumulator
COMprises:

a first operator for combining the phase difference value
supplied from said phase difference calculator with the
phase difference accumulation value of the respective
preceding line thereby generating said new phase dif-
ference accumulation value; and

a first phase storage unit for supplying the new phase
difference accumulation value of the respective preced-
ing line and for storing the respective new phase
difference accumulation value generated by said sec-
ond operator for a current line.

7. The automatic digital frequency control circuit accord-
ing to claim 1, wherein said oscillation step corrector
comprises: a correction step generator for generating said
correction step data in response to the new phase difference
accumulation value from said phase difference accumulator:

a fundamental step generator for generating said funda-
mential oscillation step data; and

a first operator for adding the outputs of said correction
and said fundamental step generators thereby generat-
ing corrected oscillation step data supplied to said
phase value generator.

8. The automatic digital frequency control circuit accord-

ing to claim 7, wherein said correction step data satisfies the
tollowing equation:

Correction step data=[2"/(f/f ;) }X[Phase Error Value]x[Tracing
Velocity]

where
n is the number of data supplied to said carrier generator,
f. 1s a sampling frequency,
f,, i1s a horizontal sync signal frequency, and

tracing velocity represents a degree of making the phase
of the carrier coincide with an associated horizontal
sync signal, respectively, the tracing velocity having a
value ot zero through one.
9. The automatic digital frequency control circuit accord-
ing to claim 7, wherein said fundamental oscillation step
data satisfies the following equation:

Fundamental oscillation step=(2"x{_, /f,)

where
n is the number of data supplied to said carrier generator,
f_,-18 a low-band carrier frequency, and
f,. is a sampling frequency.
10. The automatic digital frequency control circuit

according to claim 1, wherein said phase value generator
comprises:

_ a first operator for increasing phase value feedback when-
ever a system clock signal 1s applied thereto responsive
to said corrected oscillation step data supplied by said
oscillation step corrector so as to output an increased
phase value; and
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a first phase storage unit receiving the increased phase first operating means receiving the latched and the pre-
value from said first operator and latching the increased vious corrected phase values supplied from said first
phase value output from said first operator according to and second phase storage means for generating the
the system clock signal. phase difference value.

11. The automatic digital frequency control circuit 5 14. The automatic digital frequency control circuit

according to claim 1, wherein said carrier generator com- according to claim 13, wherein said phase difference calcu-

prises a%ook—up table for receiving the phase values supplied lating means further comprises a second phase correcting
from said phase value generator as address data, thereby  meqng operatively connected to said first operating means

generating a carrier having a frequency corresponding to for adding a phase delay value between respective scanning

said address data 10 - . : :
' .. o 1 f said
12. An automatic digital frequency control circuit for HES t.o the PIEVIOUS c.:orrected pha‘se value of said preceding
scanning line supplied from said second phase storage

generating a carrier which is synchronized to a digital : . :
means, thereby generating a precision corrected previous

horizontal sync signal, said automatic digital frequenc . . o
J 5 5 4 y phase value wherein the respecttve phase difference between

control circuit comprising: e .
hase difference calculating means for calculating and 13 the scanning lines 1s corrected.
P 5 S 15. The automatic digital frequency control circuit

roviding a phase difference signal between two adja- : : . :
b S 4 pha ) 5 ) according to claim 12, wherein said phase difference accu-
cent scanning lines in response to an error value _ _
mulating means comprises:

representative of an error between digital horizontal
sync signal with respect to a present scanning line and
a phase value of a previous scanning line; 20

phase difference accumulating means receiving the phase
difference signal for combining the received phase
difference signal with a phase difference accumulated
value so as to permit output of a new phase difference

first operating means for combining the phase difference
value supplied from said phase difference calculating
means with the phase difference accumulation value of
the respective preceding line thereby generating said
new phase difference accumulation value; and

- first phase storage means for supplying the new phase

accumulated value as the result of an accumulation
operation;

oscillation step correcting means for generating funda-
mental oscillation step data, for generating correction

difference accumulation value of the respective preced-
ing line and for storing the respective new phase
difference accumulation value generated by said first
operating means for a current line.

step data for correcting the fundamental oscillation
according to said new phase difierence accumulated
value by using correction step data, and for generating
a corrected oscillation step data;

phase value generating means recetving the corrected
oscillation step data, for increasing a phase value, a5 difference accumulation value from said phase differ-
which has been already stored responsive to said cor- ence accumulating means:

rected oscillation da!:a, for ger%eratin_g a plurality of fundamental step generating means for generating said
phase values for carrier generation with respect to the fundamental oscillation step data; and

present scanning line, and for supplying respective first operating means for adding the outputs of said

generated phase values to said phase difierence calcu- 4 correction and said fundamental step generating means
1""_““3 HHedls; and | | | thereby generating corrected oscillation step data sup-
carrier generating means for generating a carrier having a plied to said phase value generating means.
frequency corresponding to _3ﬂCh of said respective 17. The automatic digital frequency control circuit
phase value generated from said phase value generaing ~ according to claim 12, wherein said phase value generating

means. 45 means comprises:

13. 'The automatic digital irequency control  circuit first operating means for increasing phase value feedback
according to claim 12, wherein said phase difference calcu- whenever a system clock signal is applied thereto

lating means comprises: responsive to said corrected oscillation step data sup-

first phase correcting means for combining the phase plied by said oscillation step correcting means so as to
value supplied from said phase value generating means -0 output an increased phase value; and

w1th_ a digital horizontal SyHe signal error Yalue tepIe” first phase storage means receiving the increased phase
senting a phase value ob_vta.med b?’ correching a phas_e value from said first operating means for latching the
CIToT generated w}{en a dipital honzpntal Syne s1g_nal S increased phase value output from said first operating
obtained by sampling an analog horizontal sync signal, means according to the system clock signal.

first phase storage means for latching a corrected phase 18. The automatic digital frequency control circuit
value output from said first phase correcting means in according to claim 12, wherein said carrier generating means
response to the digital honzontal sync signal; comprises a look-up table receiving the phase values sup-
second phase storage means receiving a respective latched plied from said phase value generating means as address
corrected phase value output from said first phase data for generating a carrier having a frequency correspond-
storage means for latching a previous corrected phase ing to said address data.
value of a respective preceding scanning line In
response to the digital horizontal sync signal; and kook ok kX

16. The automatic digital frequency control -circuit
according to claim 12, wherein said oscillation step correct-
1ng means Comprises:

correction step generating means for generating said
correction step data in response to the new phase
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